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Abstract

Striga hermonthica (Del.) Benth., a parasitic weed of
grasses, causes major yield reductions in the princi-
pal cereal crops of semi-arid Africa. Cultivar resist-
ance is the most economic control measure, since
adapted, resistant cultivars can be grown without
additional input from the subsistence farmer. Infor-
mation on the genetics of resistance to S. hermonthi-
ca is scant. This is partially attributable to the rarity
of germplasms which exhibit stable resistance across
geographical regions. The objective of this study was
to determine if the stable resistance observed in
sorghum [Sorghum bicolor (L.) Moench] cultivar
SRN39 is heritable. Crosses were made between
SRN39 and a susceptible parent, P954063. Parental,
F,, F, and backcross generations were grown in
infested pots and development of both host and
parasite was monitored. Significant variation among
genotypes was observed for both host traits and
effects on parasite populations. The F, did not differ
significantly in Striga resistance from the susceptible
parent, suggesting recessive inheritance. However,
hybrid vigor was exhibited by the F, which yielded
and developed as well as the resistant parent. Broad
sense heritability ranged from 0.23 to 0.55 for host
traits and from 0.10 to 0.43 for effect of genotypes
on the Striga population. Joint scaling tests showed
that observed variation in each host or parasite trait
consisted of additive and dominance components,
suggesting possible progress could be made with
appropriate selection schemes.
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Striga hermonthica (Del.) Benth. is a serious
agronomic pest in semi-arid regions of Africa.
It is the most destructive weed occurring in

African sorghum [Sorghum bicolor (L.)
Moench] fields and, excluding bird predation,
may be the most important sorghum yield loss
factor (MUSSELMAN et al. 1983). Because heavy
infestations may lead in certain years to total
crop failure, it is imperative that Striga popula-
tions be controlled so that they remain below
the economic threshold.

Cultivar resistance may be the most
economically promising Striga control meas-
ure, since adapted, resistant sorghum cultivars
can be grown under conditions of erratic rain-
fall and low soil fertility and require no costly
inputs from the subsistence farmer (KiNG and
Zummo 1977, Ramaian and PArRkER 1982). Sor-
ghums resistant to S. hermonthica in Africa
have been reported (DogGerT 1965, EjETA and
Jamn 1982, Kamsar 1979, RamaiaH 1987), but
resistance in some cultivars does not hold up
across geographical regions. The variable per-
formance of a given host cultivar to Striga
infestation in different areas may be due to the
existence of intraspecific physiological variants
of the parasite (BeBawi 1981, KinG and Zummo
1977, PArkER and REID 1979).

Published reports on the genetics of resist-
ance to Striga spp. in sorghum are few. SAUN-
DERS (1933) reported that resistance to S. asiati-
ca was recessive in two sorghum crosses and
partially dominant in a third. Kurkarnt and
SHINDE (1985) found field tolerance to the same
species to be governed by non-additive gene
action. OBILANA (1984), defining resistance to
S. hermonthica as “low total number of Striga
per sorghum plant”, reported high (0.78)
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broad sence heritability of this trait. He also
found gene acticn to be non-additive with
over-dominance of susceptibility and esti-
mated that two to five genes control reaction to
the weed. More recently, Ramaian et al. (1990)
established that low Striga stimulant produc-
tion in sorghum genotypes, Framida, 555, and
SRIN4846, is inherited as a single recessive
gene. Progress on inheritance studies and
breeding for resistance to Striga have been
limited by variability in performance across
geographical regions, lack of uniformity of
field infestations and difficulty in evaluating
individual segregating progenies for resistance
when parasitism occurs below ground. The
lack of a suitable laboratory assay that can
predict field performance has also hampered
progress.

The purpose of this study was to investigate
the inheritance of resistance to S. hermonthica
in sorghum cultivar SRN39. In field trials con-
ducted in Niger, we observed superior field
resistance and stability in this cultivar (Hess
1989), rendering it a suitable choice for the
inheritance study. Resistance to Striga attack
by this cultivar has also been reported in Bur-
kina Faso, Ghana and the Sudan (KamsaL
1979, Ramalan 1984). A unique aspect of this
inheritance study was that infestation and
evaluation were made on individual plants in
pots.

Materials and Methods

Crosses were made between resistant (SRN39) and
susceptible (P954063) sorghum cultivars in the
greenhouse at Purdue University in the spring of
1985 using the susceptible cultivar as the male par-
ent. For the production of F, seed, progeny were
sown in the field at the Purdue Agronomy Farm in
the spring of 1985. Backcrosses of the F; to both
parents were made in the greenhouse in the spring of
1986.

The inheritance study was conducted outdoors in
pots at Niamey, Niger, during the 1987 growing
season. Soil was prepared by thoroughly mixing
clay, sand and cow manure (2 :1:1, v/v/v). Each
27 cm diameter X 30 cm deep black polyethylene
pot (E. C. Geiger, Box 285, Harleysville, PA 19438)
was filled with 2.9 kg of the soil mix.

Pots were infested by thoroughly mixing 0.3 g
(approximately 70,000) of Striga seed into the upper
5 ¢m of soil in each pot. Seed of S. hermonthica had
been collected in sorghum fields at Birni N’Konni,

Niger at the end of the previous crop season. A series
of sieves (0.25, 0.20, 0.16 and 0.125 mm mesh) was
employed to separate seed from sand and plant de-
bris. Striga seed were preconditioned by watering
pots one week before sowing sorghum.

The infestation technique and viability of the Stri-
ga seed had been tested prior to beginning this
experiment. On 21 February, 21 March and 18 A-
pril, 10 infested pots were sown with sorghum cul-
tivar 954063. Cool temperatures in February and
early March did not affect days to Striga emergence
(average of 39.6 days) but retarded sorghum growth
and development and were correlated with reduced
levels of Striga infestation. At 70 days after sowing
(DAS) average Striga number per pot were: 18, 52
and 125 plants for the 21 February, 21 March and 18
April sowings, respectively.

Thirty pots were sown with each parent and the
F,, 50 pots were sown with each backcross and 100
pots were sown with the F,. Three seeds were sown
in each pot on 13 May and thinned to 1 per pot 3
weeks later. A completely randomized design was
used. The experiment was laid out in 5 double rows
of 29 pots each. Spacing between plants within dou-
ble rows was 33 cm and rows were 63 cm apart.

Data on the following variables were collected
from each pot throughout the season: Seedling vigor
(height [in cm] at 28 days after sowing); days to half
bloom (number of days from planting until the
sorghum plant had flowered to mid-panicle); plant
height (in cm at 129 days after sowing); plant weight
(in g after drying in the sun for 35 days); panicle
weight (in g after drying in the sun for 28 days); yield
(votal weight [in g] of threshed grain from harvested
panicles); 100-seed weight (weight [in g] of 100
whole kernels); Striga emergence (number of days
from sowing sorghum until emergence of the first
Striga plant); Striga counts (number of emerged
Striga plants per pot, counted at 7-day intervals for 4
weeks beginning 1 week after emergence of the first
Striga plant and at 28-day intervals thereafter); Striga
flowering (number of days from Striga emergence to
opening of the first flower).

Generation means were calculated and compared
using Student-Newman-Keuls’ test adapted for test-
ing means with unequal replication (STEEL and TOR-
RIE 1980). Striga counts were transformed with the
base 10 logarithmic transformation since generation
means and their variances were positively correlated.
Correlations among the different traits were calcu-
lated for the F, generation. The broad sense herita-
bility of each trait was calculated according to AL-
LARD (1960) as shown in Table 2. Two formulae
proposed by SEWELL WRIGHT (1968) were employed
to estimate the number of loci by which the F, differs
from each parent for traits with a high broad sense
heritability (Table 3). All loci were assumed to be
plus factors with equal effect. If complete dominance
at all loci is assumed, then the total number of loci



Inheritance of Resistance to Striga in Sorghum Genotype SRN39

235

Table 1. Generation means of sorghum traits and effects of sorghum on Striga characters from a cross between
resistant and susceptible parents grown outdoors in Striga-infested pots

Days to Striga number
Sorghum Sorghum Panicle Striga
Genotype*  Ht Wt Wt Yield emergence 30 DAS® 37 DAS 44 DAS 51 DAS
(cm) () (8) (8)
Py 127.1 ab° 88.8 a 419 a 309ab 41.8a 0.0b 0.2d 27 ¢ 121 ¢
P 79.5d 23.8d 8.7d 7.0d 31.8d 0.6 a 9.7 a 301a 467 a
F, 127.5 ab 64.7 bc  36.7abc 29.5ab 333 cd O4ab 63ab 256a 53.6a
F, 116.4 bc 56.5c 30.5bc  23.6ab 347 ¢ 03ab 39b 173a 406a
BCy 1255 a 733 b 37.6ab 28.8a 37.0b 0.2 ab 19¢ 10.1b 2610
BCs 108.1 ¢ 53.1c¢ 26.5 ¢ 20.8bc 333 cd O4ab 6.0ab 228a 46.7a

* Pr = resistant parent (SRN39); P =
BCs = backcross to susceptible parent.
® Days after sowing.

susceptible parent (P954063); BCy = backcross to resistant parent;

¢ Within each column, means followed by a common letter do not differ significantly, P = 0.05, according to

Student-Newman-Keuls’ test.

involved is given by S; + S,, regardless of the
distribution of plus factors, since each contributes to
only one of the backcrosses.

MATHER and JINKS’ (1982) scaling test was con-
ducted to investigate the additive and dominance
components of observed variation of these traits.
The observed distributions of selected traits of pa-
rental and F, generations were tested for normality
(STEEL and TORRIE 1980). Where these distributions
were found to be normal, the expected F, and back-
cross distributions were calculated for segregation of
1 gene and the observed distributions were tested for
goodness-of-fit to the expected distributions.

Results

Significant genotypic differences among gener-
ations were observed for all sorghum traits and
effects of sorghum on the Striga population
(Table 1). The resistant parent exhibited signif-
icantly superior plant productivity to the sus-
ceptible parent. Inheritance of plant height,
plant weight, panicle weight and grain yield is
dominant as the F; was not significantly differ-
ent from the resistant parent.

Striga was observed on all plants in the
experiment. Days to Striga emergence ranged
from 23 to 81 days with delayed emergence in
resistant sorghum genotypes. Striga number
per pot, used as a measure of resistance, was

significantly different among genotypes at all
stages (Table 1). The F,; did not differ signifi-

cantly from the susceptible parent, suggesting
recessive inheritance of days to Striga emerg-
ence and Striga number. For both Striga and
sorghum characters the means of the backcross
generations were shifted towards the mean of
their respective recurrent parent.

Tests for normality of frequency distribu-
tions of the sorghum and Striga characters in
parental and F; generations showed that plant
height, panicle weight, yield and effects of

Table 2. Broad sense heritability of sorghum traits
and effects of Striga characters from a cross between
a resistant parent (SRN39) and a susceptible parent
(P954063) grown outdoors in Striga-infested pots

Character Heritability*
Sorghum height 0.55
Sorghum weight 0.23
Panicle weight 0.52
Grain yield 0.50
Days to Striga emergence 0.19
Striga number, 30 DAS® 0.14
Striga number, 37 DAS 0.43
Striga number, 44 DAS 0.38
Striga number, 51 DAS 0.10

2 H=0'2F2——02E/02F2Where0*7E=GZPR+02P5+
o’F, / 3 and 0Py, 0°Ps, 0°F, and 0°F, are the
variances of the resistant parent, susceptible par-
ent, F; and F, generations, respectively.

® Days after sowing.
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Striga number at 44 DAS were normally dis-
tributed (P = 0.01). Fit was less good for the
susceptible parent for panicle weight and yield
(P = 0.01) and Striga number (P = 0.04) than
for the resistant parent (P = 0.48, 0.22 and
0.31 for the same respective characters) and the
F; (P = 0.23, 0.14 and 0.46 for the same
respective characters). Goodness-of-fit tests in
the segregating generation indicated acceptable
fit for effects on Striga number (Fig. 1), yield
and other plant characters (not shown). Be-
cause distributions for Striga count at 30, 37,
44 and 51 DAS were skewed, a log transforma-
tion was performed before computing var-
iances for this trait.

Broad sense heritabilities were generally low
(Table 2). They ranged from 0.23 to 0.55 for
sorghum traits and from 0.10 to 0.43 for Striga

traits. Only for Striga number at the second
and third counts (37 and 44 DAS) was herita-
bility as high as 40 %, yet somewhat lower
than estimated for sorghum height (0.55) and
grain yield (0.50).

The number of loci controlling six traits
were estimated using Sewell Wright’s formulae
(Table 3). Estimates for sorghum height, pani-
cle weight, yield, effect on days to Striga
emergence and Striga number at 37 and 44
DAS were: 3.66, 1.03, 1.14, 0.44, 1.74 and
2.78, respectively, assuming complete domi-
nance at all loci. Joint scaling tests were also
conducted on these traits. Results showed that
observed variation in each trait consists of
additive and dominance components (Table 4).

Correlation coefficients between indicators
of Striga infestation and sorghum growth and
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yield characters in the F, generation are given
in Table 5. Delayed Striga emergence corre-
lated significantly with increased host plant
height, panicle weight and yield. Correlation
between early Striga emergence and delayed
sorghum flowering was also highly significant.
Increase in Striga number at 37, 44 and 51 DAS
was highly correlated with reduction in sor-
ghum height, dry weight, panicle weight, yield
and delay in host plant maturity. Striga
number at 30 DAS was significantly correlated
only with reduction in sorghum dry weight.

Discussion
Various environmental factors influence the
growth and development of Striga (PATTERSON
1987). The inheritance study was carried out in
pots to minimize environmental variation
among plants. Growing sorghum in artificial-
ly-infested soil in pots gives the investigator
more control over the experimental environ-
ment than is possible in the field (Vasuneva
Rao 1985).

Both sorghum and Striga grew well in this
experiment, sown in early May. Significant

Table 3. Estimation of number of genes controlling sorghum and Striga characters from a cross between
resistant and susceptible parents grown outdoors in Striga-infested pots

Estimated number of genes®

Character Formula 1 Formula 2
Sorghum
Plant height 0.00 3.66
Panicle weight 0.03 1.00
Grain yield 0.03 1.11
Striga
Days to emergence 0.39 0.05
Number at 37 DAS 1.64 0.10
Number at 44 DAS 2.76 0.02

S, = (Fl - Tj}z{) S (FS - F%)

1= , 2 =
4 (oﬁck - O%) 4 (0125c5 — of)

2 Pg, P and F, are, respectively, means of the resistant parent (SRN39), susceptible parent (P954063) and F,
populations, and 0’E, 6°BCy and 0*BC; are the environmental variance and variances of the backcross to
resistant and backcross to susceptible populations, respectively.

Table 4. Joint scaling tests for sorghum traits and effects on Striga population from a cross between resistant
and susceptible parents grown in Striga-infested pots

Sorghum Striga
Genetic Days to
parameter® Plant height Panicle weight Grain yield  emergence 37 DAS? 44 DAS
m 103.75£2.19 26.43+£1.51 18.86%+1.20 36.71+0.51 0.55%+0.04 1.041+0.04
[d] 22.56+2.20 14.84+1.50 11.48%1.19 4.77%£0.53 —0.45%0.04 —0.43+0.04
() 24.99+3.93 9.98+£3.28 10.71£7.02 -3.461+0.86 0.28+0.08 0.37+0.08
X 1.83 1.15 1.44 1.98 1.07 2.57
P 0.61 0.76 0.70 0.58 0.78 0.46

a D M
ays after sowing.
m = estimate of mid-parent; [d] = estimate of the additive component; [h] = estimate of the dominance
component.
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Table 5. Correlation coefficients between sorghum traits and effects on Striga population from an F, of the
SRN39 x P954063 cross grown outdoors in Striga-infested pots

SDGHGT PLNTHGT HBLOOM PLNTWT PANICWT YIELD 100SDWT
STRIEMER* —0.1601° 0.2970%* —0.2634**  0.3381%*  0.4045**  0.3824**  0.1691
STEMTOFL  -0.159%6 0.2103*  —0.1592 0.1623 0.2428**  0.2203* 0.0767
STR30DAS —0.0510 —0.0893 0.0896 —0.2258* —0.1714 -0.1723 —0.0366
STR37DAS 0.0819 —0.2913%*  0.2756** —0.3976** —0.4161%* —0.3921%* —0.2008%
STR44DAS 0.1569 —0.3553*%*  0.3085** —0.3671%* —0.5315** —0.5190*% —0.1709
STR51DAS 0.2206%  —0.3479%*  0.3065%* —0.2964** —0.5612** —0.5508** —0.0592

* STRIEMER = days to Striga emergence; STEMTOFL = days from Striga emergence to flowering;
STRnDAS = Logl0 (Striga no + 1) at n days after sowing, where n = 30, 37, 44 and 51; SDGHGT =
seedling height (cm) at 28 days after sowing; PLNTHGT = plant height (cm) at 129 days after sowing;
HBLOOM = days to sorghum flowering; PLNTWT = plant dry weight (g); PANICWT = panicle dry
weight (g); YIELD = grain weight (g); 100SDWT = 100-seed weight (g).

> The symbols * and **
respectively.

delay in Striga emergence and flowering was
observed in pots of resistant plants and at most
counts significant differences were found
among genotypes for number of emerged Stri-
ga. The highest number of emerged Striga
were counted at eight weeks after initial emer-
gence. In one pot sown with the backcross to
the susceptible parent, 221 Striga plants were
counted, equivalent to 38.6 X 10 plants ha™.
In a field study (not reported here) the highest
density of emerged Striga encountered was at
the final Striga count and was equivalent to
1.75 x 10° plants ha™'. The number of Striga
seen in pots was 22 times higher, suggesting
that the infestation level employed in these
pots was very high.

The effect of the parasite on its host was
dramatic. Striga hermonthica plantlets com-
prising less than 1 % of the total dry weight of
the host may be associated with a 25 % reduc-
tion in host dry weight (RamaiaH and PARKER
1982). Severe infestation of sorghum can result
in a 60 % reduction in leaf and root weight and
some plants may be prematurely killed (An-
DREWS 1945, TARR 1962). We noted premature
death of some of the most susceptible and
severely stunted plants in the study. In general,
delay in Striga emergence and flowering was
significantly correlated with earlier flowering
and increased yield of the host. We observed
that shoot elongation of susceptible genotypes
slowed or stopped at the time when the first

indicate significant differences among treatment means at P = 0.05 and 0.01,

Striga shoots emerged. This was supported by
the significant correlation (at P = 0.01) of
reduction in emerged Striga at the different
counts with earlier flowering and increased
height and yield of host plants.

As older Striga plants died, new shoots fre-
quently emerged, but the overall number de-
clined. ANDREWS (1945) observed a decrease in
emerged Striga plant number after five weeks
on sorghum growing in pots 10 cm in diame-
ter. He attributed the decline either to the
roots of sorghum becoming pot bound or to
the shedding of Striga seedlings as sorghum
roots thickened. DoGGETT (1965) proposed that
the number of Striga plants established on
sorghum roots should follow the growth curve
for the production of sorghum root tips. We
observed that the decline may also be related to
the development of the host canopy resulting
in increased shading of the most stunted host
plants. Reduction in photosynthesis of these
severely stunted sorghum plants may have
contributed to death of Striga attached to their
root systems.

Striga 1s totally dependent on host carbon
while unemerged. Even when the parasite is
photosynthetically competent, high losses
through respiration result in little net auto-
trophic carbon gain and 35 to 43 % of parasite
carbon is estimated to be host-derived (GRrAVEs
et al. 1989). Shading combined with reduction
in photosynthesis of parasitized plants (PrEss et
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al. 1987) may explain the observed die-back of
Striga on the most susceptible genotypes. Since
Striga can develop to maturity in complete
darkness provided the host is maintained in the
light (RoGers and NELsSON 1962), another factor
must be responsible for Striga decline on more
resistant genotypes which were not shaded.
Daily watering was necessary to maintain the
pot experiment. An increase in percent humid-
ity within the host canopy may have occurred
and adversely affected the parasite as resistant
genotypes grew. The negative effect of abun-
dant moisture on Striga infestation is recog-
nized by subsistence farmers and has been
demonstrated experimentally (ANDREwS 1945).
The possibility that Striga die-back may be
reduced or eliminated by increasing spacing
between pots should be investigated.
Significant variation among genotypes was
observed for both host traits and effects of the
host on parasite populations. Genotypic varia-
tion in traits of interest (plant height, panicle
weight, yield, days to Striga emergence and
Striga number at 37 and 44 DAS) were at-
tributable to both additive and dominance
components, indicating opportunities for
further improvement through selection.
Estimates of number of genes affecting Stri-
ga resistance (reduced infestation) suggested
control by one or two genes. The magnitude of
the shift in the backcrosses toward the respec-
tive recurrent parent also suggested simple in-
heritance of these characters, however, no dis-
tinct modes were present in the frequency
distributions. This could have resulted from
either the presence of plural segregating genes
or from masking of the action of one or a few
genes by effects of the environment. A single
recessive gene controlling inheritance of low
germination stimulant production in sorghum
has recently been reported (RamaliaH et al.
1990). Our estmates of minimum gene
number for all traits measured were low (one
to four genes). Although such estimates are
only approximate, it is interesting to note that
the formulae indicated that SRN39 and
P954063 differ for four loci governing plant
height. This is consistent with Quiney’s (1974)
classical report of four height loci in sorghum.
The possibility of single gene control of
resistance in SRN39 was suggested by fitting
observed and expected distributions for segre-
gation of one recessive gene controlling re-

duced Striga number at 44 DAS (Fig. 1). At
present we are unable to explain how this
putative resistance gene(s) may affect Striga
infestation and/or host response to infestation.
Although average emerged Striga number in
pots of SRN39 eventually reached a high level
(66 plants per pot at 79 DAS) the effect on its
productivity was insignificant. The F; plants
supported more emerged Striga than the sus-
ceptible parent (123 vs. 77 plants per pot at 65
DAS), yet hybrid vigor was evident in this
cross and growth and yield of the F; paralleled
that of the resistant parent.

The ability of host cultivars to maintain
photosynthetic capacity in spite of Striga at-
tack may help to alleviate the effects of Striga
infestation on crop productivity (GRAVEs et al.
1989). Adapted hybrid cultivars with one or
both parental sources possessing resistance to
Striga should contribute to increased sorghum
yields in Striga-infested fields.

Zusammenfassung

Vererbung der Resistenz des Sorghum-
Genotyps SRN39 gegen Striga

Striga hermonthica (Del.) Benth. ist ein auf
Griasern parasitir lebendes Unkraut, das im
semi-ariden Afrika bei den Hauptgetreidearten
grofle Ertragseinbuflen verursacht. Der Ein-
satz resistenter Sorten ist die wirtschaftlichste
Mafinahme, da solche Sorten von den Bauern,
die fiir den Eigenbedarf produzieren, ohne
zusitzliche Aufwendungen angebaut werden
konnen. Es liegen nur wenige Kenntnisse iiber
die Genetik der Resistenz gegen S. hermonthi-
ca vor. Das ist zum Teil darauf zuriickzufiih-
ren, daf} es nur wenig Ausgangsmaterial gibt,
das sich iber alle geographischen Regionen
hinweg als stabil resistent erweist. Ziel dieser
Untersuchung war es festzustellen, ob die bei
der Sorghumsorte SRN39 (Sorghum bicolor
[L.] Moench) beobachtete stabile Resistenz
erblich ist. Dazu wurden Kreuzungen zwi-
schen SRN39 und dem anfilligen Elter
P954063 durchgefithrt. Eltern, F;, F,- und
Riickkreuzungsnachkommenschaften wurden
in infizierten Topfen angezogen und die Ent-
wicklung von Wirt und Parasit verfolgt. Zwi-
schen den Genotypen wurde eine signifikante
Variation sowohl fir die Merkmale des Wirts
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als auch im Hinblick auf dessen Einflisse auf
die Parasiten-Population festgestellt. Die F,
unterschied sich nicht signifikant vom anfilli-
gen Partner, so dafl angenommen werden
kann, daff die Resistenz rezessiv vererbt wird.
Sie zeichnete sich aber durch Hybridwiichsig-
keit aus; sie entwickelte sich so gut wie der
resistente Elter und entsprach diesem im Er-
trag. Die Werte fiir die Heritabilitit im weite-
ren Sinn bewegten sich fiir Merkmale des Wirts
zwischen 0,23 und 0,55 und fiir genotypische
Einfluf}faktoren des Wirts auf die Striga-Popu-
lation zwischen 0,10 und 0,43. Tests zum Ver-
gleich der Generationsmittel machten deutlich,
daf} sich die beobachtete Variation aller Wirts-
und Parasiten-Merkmale aus additiven und
Dominanz-Komponenten =~ zusammensetzt,
was darauf hinweist, dafl unter Anwendung
geeigneter Selektionsverfahren Fortschritte er-
zielt werden konnen.
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